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Figure 14.] A. Embryo of appeonimately 25 dayy’ pestation showing the relation of the respiratory dverticulum to the
heart. stomach, and liver. B. Sagttal section through the cephalic end of 3 S-week embryo showing the openings of the

pharyngeal pouches and the laryngotracheal orifice.




© The respiratory tract is derived from foregut’
e_n_}_c_ioderm and associated mesoderm

From endoderm:
epithelial lining of trachea,
larynx, bronchi, alveoli

From splanchnic mesoderm:
cartilage, muscle, and
connective tissue of tract and
vls_<_:_eral pleura.

Carison fig 1502
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Tracheo-esophageal ndges: longitudinal ridges that
eventually fuse to separate trachea from esophagus.




= A longitudinal trachea -
esophageal septum
develops and divides the
diverticulum into a:

Dorsal portion!’ *
primordium of the
oropharynx and (digrie
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s The proximal part
of the respiratory
di{verticulum
remains tubular and
forms larynx &
trachea.

o L

s The distal end of the
diverticulum dilates to
form lung bud, which

divides to give rise to \ :
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Development of the Bronchi & Lungs

s The 2 primary
bronchial buds grow
ldterally into the
pericardio-peritoneal
canals (part of the _2.
intraembryonic 7,
celome), the fraos
primordia of pleural
cavities

Bronchial buds divide
and redivide to give
the bronchial tree.
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s The riﬁht main
bronchus is slightly
larger than the left
one and is oriented

.Lu'ph - eks -2«

more vertically “z """~
= The embryonic

relationship persists
in the adult. —

s The main bronchi
subdivide into
secondary and tertiary
(segmental) bronchi
which give rise to
further branches.
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= The segmental bronchi,
10 in right lung and 8 or
9 the left lung begln
to'form by the 7th week

= The surrounding
mesenchyme also
divides.

s Each segmental
bronchus with its
surrounqu mass of

j mesenchyme Is the
primordium of a
broncho- -pulmonary

Right main bronchus «+ Left main bronchus
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m 2. Lobar bronchi (2°):

s 2It. & 3 Rt.

= 3. Segmental bronchi (3@

B IJ Rt = upper lobe, '
mid lobe * lower lobe
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n By 24 weeks, about 17 orders of branches have
formed and respiratory bronchioles have
developed.

@ Aﬁ—addltlonal seven orders of airways develop
after birth.—-=vo=

As the lungs develop they
acquire a layer of visceral
pleura from splanchnic
mesenchyme.

The thoracic body wall
becomes lined by a layer of
parietal pleura derived
from the somatic
mesoderm.

S 2




Maturation of the Lungs
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= Maturation of lung is divided into 4 periods:/
P}E'udoqlandular (5-17 weeks) -~ »u-

one we-ele

Canalicular “(16 - 25 weeks) - " "
Terminal sac (24 weeks - birth) <" .

32 weel

Alveolar(late fetal period - childhood) /* &=
= These periods overlap each other because the
cranial segments of the lungs mature faster

than the caudal ones.
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Pseudoglandular Period (5-17 weeks)
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= Developing lungs somewhat el
resembles an exocrine gland
during this period.

= By 17 weeks all major
elements of the lung have
formed except those
involved with gas exchange
CWLEADE N

= Respiration is NOT possible.

s Fetuses born during this = e
period are unable to survive.




Canalicular Period (16-25 weeks)

Lung tissue becomes highly
vascular.Z:;, 2 -== e &

LUf}mna of bronchi and terminal
bronchioles become larger.

By 24 weeks each terminal
bronchiole has given rise to two
or more respiratory
bronchioles.

The respiratory bronchioles
divide into 3 to 6 tubular
passages called alveolar
ducts.

Some thin-walled terminal
sacs (primordial alveoli) >
develope at the end of gai g
espiratory bronchioles,

Cormectve thatue

= Respiration is
possible at the end of
this period.

Fetus born at the end of
this period may survive
if given intensive care
(but usually die because
of the immaturity of
respiratory as well as
other systems)




Terminal Sac Period (24 weeks - birth)

= Many more terminal sacs
develop.

o Tl{gr—epithelium becomes very
thin.

= Capillaries begin to bulge into
developing alveoli.

= The epithelial cells of the alveoli
and the endothelial cells of the
capillaries come in intimate

contact and establish the B/ood-
Air gal'f'ier. ’}u e Lharg-e bttvsn Respiratny alyelramd arma_-j

s Adequate gas exchange can
occur which allows the
prematurely born fetus to
survire




1+l end
By’24 weeks, the terminal sacs are lined by:  ® <4tz
’ . were gac a:ccm e eccwnr Qlvestle
»Squamous fype I pneumocytes and gas xchey
» Rounded secretory, type Il pneumocytes, that secrete a
mixt Fre of phospholipids called surfactant. =

Collapse 9'_,-&'!"»(.—‘410& s Surface t+ensron ‘}Dé)
Iocj EoF A g ar XChange c— & Collapse) e— alvet A e Surfatinnt =

= Surfactant production begins by 20 weeks and
increases during the terminal stages of

pregnancy.
s Sufficient terminal sacs, pulmonary

vasculature & surfactant are present to
permit survival of a prematurely born infants ...,

“v&

= Fetuses born prematurely at 24-26 weeks may
suffer fromi r resplratory distress dueto -7:¢ =7<
surfactant deficiency but may survive if ‘wemes

given intensive care.




Alveolar Period (32 weeks — 8 years)
= At the beginning of the *>** g e —

alveolar period, each :Z:“’" ) (=N 5
respiratory bronchiole rees«on *{1 . \
terminates in a cluster of Wl

thin-walled terminal 3y \ /4
saccules, separated from one Jf 1D tye Latvesarcel” (¢

anOther by IOOSQ C1-. type LI alveolar celis

= These terminal saccules

represent future alveolar .
- g
sacs. p. <
= The epithelial lining of the S :
terminal sacs attenuates to ? A
an extremely thin squamous |
epithelial laver., v




Period (5-17 weeks):
By 17 wooks, all magpr




m Characteristic mature alveoli = Most increase in the size of

do not form until after birth. the lungs results from an
95% of alveoli deve op increase in the number of
'slnatally P respiratory bronchioles and
. primordial alveoli. rather

than from an increase in

m About 50 million alveoli, one e s o e e e

sixth of the adult number are
present in the lungs of a full-
term newborn infant.

= From 3-8 year or so, the number of immature
alveoli continues to increase. Unlike mature
alveoli, immature alveoli have the potential for
forming additional primordial alveoli.

= By about the eighth year, the adult complement
of 300 million alveali is present.
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occur in w5 lery 2, LLURES At oren

‘= ..,Breathing ™ ~:..w The lungs are half filled with fluid

"wa..ul« - » . . .
pane 2 MOVEments "/ %. derived from the amniotic fluid and

s Occur before birth, “~« from the lungs & tracheal glands.

by

s ar%got contmuous ‘a This fluid in the lungs is Cleared at
‘én increase as the ':i::;-;’ birth: by: s sesiizs”

tlme of delivery,. % + Pressure on the fetal thorax during

Wlhaonge

approaches e delivery.

Help in condmonmg + Absorption into the py_lmonary
the respiratory capillaries and lymphatics. of r.. 1oy
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= Stlmulate lung

aminletrc

.~ <esseLungs of a Newborn

o a Fresh healthy lung always contains
evelopmentand  <>‘come air (lungs float in water).
are essential for svomm g

T e Diseased lung may contain some
norma’iung = .5 fluid and may not float (may sink).
development.

= gin < LUNGS Of a stillborn infant are firm,
i~ contain fluid and may sink in

G ammrerre 'n SR=——

water. g




" Factors iImportant for

normal lung
+ development
s Adequate thoracic
space for lung growth.

m Fetal breathing ~ o™

movements =

= Adequate amniotic fluid
VOIUme gy Do ptbe Yoy S Lo VDI

cmaturetion As lesl .

Developmental

ra/g"""_}'lr anomalies obStractiin &
I—” eLobhy s
Laryngeal atresia.

Tracheoesophageal
fistula:™ i s

* Tracheal stenosis &

atresia.

* Congenital Iung

oL »U—La —JI

cysts.

* Agenesis of Iyngs.

L = gbrent L“g or Lebe of L

* Lung hypoplasua.

Co s Small L

’ Accesg.gry lungs.




Zi,,,VTQracheoesopl'iageal Fistula
An abnormal passage ,
between the trachea and Trashes
esophagus.

Results from incomplete
division of the cranial
part of the foregut into
respiratory and < v o- | ERaten

eratheyus ~ vorcimpl and istol
esophageal parts. 7 e
Occurs once in 3000 to e
4500 live births. bl
Most affected infants are o
males. H e
In more than 950/0 Of _ eebhagal atresia + _se=Trachoa

cases, the fistulais ™" SRt
associated with = VSV RS
esophageal atresia. “i-e. B
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‘ ‘T'r‘écheo-esopha
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* Incomplete separation and/or atresia of rachea and esophagus (8 on nght shows esophageal atresia)

*  Defect lkely n mesoderm and usually associated with other defects involving mesoderm (cardiovascular
malformatons, VATER / VACTERL, etc.)

Sanomilies 4
VATER = Yertetral anomabes. @nal atresia, Jracheocesophageal fistula, §sophageal atresa, Renal atresia

P = VATER + Cardiac defects & Lmbd defects
z
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VACTERL Syndrome =

Vertebral anomalies;>~ -« <

norectal malformation. »erfet aws
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'~ Tracheo-esopha;

* Incomplete separation and/or atresia of rachea and esophagus (8 on nght shows escphageal atresia)

*  Defect ikely n mesoderm and usually associated with other defects involving mesoderm (cardiovascular
malformatons, VATER / VACTERL , etc.)

VATER = Yertebral anomabes, Anal atresia, Jracheocesophageal fistula, Esophageal atresia, Renal atresia
VACTERL = VATER + Cardiac defects & Lmb defects
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® Occur in approx 1/3000 bl'ths. most (90%) are that shown in (A)
above. A
® Complications:
® PRENATAL: Polyhydramnios (due to inability to swallow amniotic fluid in utero)
* POSTNATAL
Gastrointestinal: Infants cough and choke when swallowing because of accumulation of
excessive salva in mouth and upper respiratory tract. Milk s regurgitated immediately after
feedng.
Respiratory: Gastric contents may also refux into the rachea and lungs, causing choking and

often kading 1o pneumonits.




_ Differentiation of pleural membranes

-
"-‘

The bngbuds “punch in;?hov-c«dmoodom Themesodorm whchcov«sm
outside of the lung, dmbpsinbmevlleoulploua The somatic mesoderm,
covering the body wall from the inside, becomes the parietal pleura. The space
between is the pleural cavity.

Pharyrx




Pleural cavity
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* The seplum transversum stops at the gut tube, leaving two open passageways on the left and
rght sides, the “pericardioperitoneal canals” (shown on the left)
* Closing off these canals requires growth from the dorsolateral body wall, aka the
“pleuroperitoneal membranes” (shown on the right)
* Defocts in this process cause COH (congenital diaphragmatic hernias) abdominal contents
- herniate into pleural cavities and interfere with lung development,




DEVELOPMENT OF DIAPHRAGM
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First three branching events are
stereotyped:

After the initial bifurcation into
two primary bronchi, two buds, or
secondary bronchi, form on the
left and three on the right
predicting the five lobes of the
adult human lung. Ten tertiary
(segmental) bronchi form in the
right lung and eight in the left
lung - establishing the
brochopulmonary segments of
the adult human lung.



Clinical Cormlatlons

.ﬁ:r;"t{v :Tw L e 0__‘_,.)‘ ©omar -

f 3nplnmw Distress &os)
Syndrome/Hyaline
Membrane Disease:(+°)

This disease affects 2% of live
newborn infants, with
prematurely bom being most
susceptible. 30% of all
neonatal disease results from
HMD or its complications.

o 7 ToPe 2 Preumegytes

¥+ Surfactant deficiency is the major cause of RDS or HMD. The ungs are undennfiated and the aveoll
contain a Bukd of high protein content, probably derived from circulation substances and injured pulmaonary
epithebium
@

N addison 1o prematunty. prolonged intrauterine asphyxia may produce imevers ble changes in Type ||
sveolar cels, rendenng them incapable of producing surfactant. Other faciors may contribute 1o surfactant
deficency, but the genetics of surfactant production are not wellk defined

Prolonged, labored breathing damages alvediar epthelum, Mﬁgbmm:m or "hyaline”
changes (shown in figure) brething LAY, oudreral  Sudettunt S lwpirsICU As Ear Jald s 3
.b/uﬂ-‘d*"w’




Cllmgl Correlations: e
Congenital Lung Cysts: =
Cysts (filled with fluid or air) are thought to be formed by the
dilation of terminal bronchi, probably due to irregularities in
later development. If severe, cysts are visible on
radiographs. Highly variable outcomes result from different
cystic conditions.

. Agenesis of the Lungs: abcer. o Luny o EEEE
b

“Can occur bilaterally or unilaterally. Unilateral lung -~
agenesis is compatible with live as remaining side
hyperexpands and compensates.

Small U\'_‘j wild — f s
Lung Hypoplasia.(-r extrime—> S O DL
Often caused by congenital diaphragmatic hernias or
congenital heart disease. Characterized by reduced lung

volume. Extreme hypoplasia is inconsistent with life.




